Resistance to antiretroviral agents often results from mutations within the human immunodeficiency virus (HIV) pol gene. Moreover, insertions within the p6 gag-pol region have recently been found to be involved with resistance to nucleoside analogs. Overall, we found that 21% of 156 specimens collected from HIV-infected individuals (17.6% from 74 drug-naive patients and 24.4% from 82 pretreated patients) harbored these insertions. Insertions around the KQE (Lys-Gln-Glu) motif were found in 12.2% of the pretreated patients but in none of the drug-naive subjects (P ‫؍‬ 0.002). In contrast, insertions around the PTAP (Prol-Thre-Ala-Prol) motif were seen at similar rates (ϳ15%) among drug-naive and pretreated patients, which supports the idea that they may be natural polymorphisms.
Combination drug regimens consisting of reverse transcriptase (RT) and protease inhibitors (PIs) have proven to be highly effective in suppressing human immunodeficiency virus (HIV) replication for a sustained period of time (2; www .hivatis.org). However, the effectiveness of these therapies is often blunted after the emergence of drug-resistant viruses, which frequently show extensive cross-resistance within each drug class (4, 5, 10, 11) .
Reduced sensitivity to antiretroviral drugs may be associated not only with mutations within protease and RT genes but also with genotypic changes at the p6 gag region localized immediately upstream of the pol gene ( Fig. 1) (13, 16) . Changes in the p6 region lead to a complex viral phenotype that includes increased infectivity and resistance to nucleoside analog RT inhibitors (NRTIs) and PIs. Insertions in the p6 region have been associated with loss of susceptibility to NRTIs, particularly with loss of susceptibility to stavudine (d4T), zalcitabine, and didanosine (ddI). This is of particular interest given our limited understanding of the mechanisms of HIV type 1 resistance to d4T and ddI (3, 14) .
In this study, we evaluated the rate and conditions of selection of insertions within the p6 region. All plasma samples referred to our reference laboratory for drug resistance testing during the last trimester of 2001 were examined. They belonged to HIV-infected individuals attending several HIV clinics across Spain. At the time of analysis, all samples had viral loads of Ͼ1,000 HIV RNA copies/ml. Genotypic analyses were performed by using an RT-PCR with C35 (5Ј-AAGAAATGA TGACAGCATGTCAGGGAGTAGGAGGA-3Ј) and NE135 (5Ј-CTTACT AACTTCTGTATGTCATTGACAGTCCAGC T-3Ј) as outer primers. A nested PCR was then performed with DP15 (5Ј-AAGGGCTGTTGGAAATGTGG-3Ј) and DP17 (5Ј-AAAATTTAAAGTGCAGCCAAT-3Ј) as inner primers. Genetic sequencing was performed with an ABI Prism 3100 automated sequencer (Applied Biosystems, Foster City, Calif.). Consensus sequences for the virus population were aligned with those belonging to HIV type 1 HXB2.
Genotypic results were obtained from 156 specimens, 74 of which were collected from drug-naive individuals and the remaining 82 of which were collected from patients on antiretroviral therapy. Both insertions and deletions were identified in the p7-p1-p6 gag region. A total of 33 subjects (21%) carried viruses with insertions in the p6 gag region. They were found in 13 (17.6%) of 74 samples from drug-naive subjects and in 20 (24.4%) of 82 treatment-experienced patients (no statistically significant difference). Insertions were recognized preferentially in the first 11 amino acids, involving the polyproline motif PTAP (Pro-Thre-Ala-Prol), and between amino acids 24 and 34, including the KQE (Lys-Gln-Glu) motif, of the p6 protein ( Fig. 1) .
The duplication of the PTAP motif appeared at similar rates among drug-naive and pretreated individuals (13 [ gag protein were found in 10 samples (12.2%) belonging to antiretroviral therapy-experienced subjects but in none from drug-naive individuals (P ϭ 0.002).
Nearly 80% of samples from treatment-experienced patients showed resistant genotypes at the pol gene, a rate similar to that reported in previous studies conducted with subjects whose antiretroviral treatment failed (6, 7, 15 Extensive polymorphisms were observed in the gag region throughout the p7, p1, and p6 proteins. However only four point mutations localized immediately upstream of the pol gene, in the cleavage sites, were more frequently found among treatment-experienced subjects ( Table 1) . The A54I/V mutation in the p7 region appeared in 14 pretreated patients but in only 1 drug-naive patient (17 versus 1.3%; P ϭ 0.001). This change appeared to be associated with specific PI resistance mutations, such as L90M in nine (64.3%), V82A/F/T in eight (57%), and M46I/L in seven (50%) of the cases, respectively. On the other hand, the I5F/L/V change in the p1 region was found in 14 treatment-experienced patients and in 4 drug-naive patients (17 versus 5.4%; P ϭ 0.023). This amino acid substitution appeared in 71.4% of samples associated with L90M, a key PI resistance mutation. These findings are in agreement with those of Bally et al. (1) . Finally, two other substitutions in the p6 region were associated with exposure to antiretroviral agents; P5I/L/T and E20A/G/K were found in 34 and 8.5% of the pretreated subjects but in 11% and none of the drug-naive subjects, respectively (P ϭ 0.001 and 0.01, respectively). Both mutations in p6 were associated with L90M at the PRO gene (46.4 and 85.7% of the cases, respectively). Overall, the recognition of a significant association between mutations at gag cleavage sites and primary PI resistance mutations supports the concept that they serve as compensatory changes increasing the kinetics of virus-mutated proteases and therefore contributing to enhance PI resistance (16, 17) .
Peters et al. (13) reported recently that the presence of duplications in the polyproline (PTAP) motif was associated with exposure to antiretroviral drugs, mainly with exposure to d4T and ddI. Hypothetically, viruses with insertions in the PTAP motif could package an excess of RT enzymes and, by an inoculum effect, cause loss of phenotypic susceptibility to all NRTIs, although to different extents (d4T Ͼ zalcitabine Ͼ ddI Ͼ zidovudine Ͼ abacavir). This circumstance could be explained by the different effective intracellular concentrations achieved by these compounds, which, for some drugs, are only marginally above the level necessary to inhibit virus replication (13) .
In our study, we did not find an association between PTAP motif duplications and more frequent current or past exposure to d4T and/or ddI. In contrast, insertions in the PTAP motif appeared at similar rates among drug-naive and pretreated patients, independently of the treatment regimen. Similar results have been reported recently by others (4; Smith et al., 9th Conf. Retrovir. Opportunistic Infect.). Therefore, PTAP duplications may more appropriately be considered natural polymorphisms rather than drug-resistant genotypes.
In contrast, we found insertions between amino acids 24 and 34 in the p6 gag region in 10 treatment-experienced patients but in none of the drug-naive patients (P ϭ 0.002). We further analyzed the influence of d4T and/or ddI on the development of these insertions within the KQE motif of the p6 protein and found no relationship. The presence of insertions in the C-terminal end of the p6 gag protein could have therapeutic implications, increasing drug resistance to a wide range of antiretrovirals drugs. Accordingly, preliminary data from Kaufmann et al. (9) have recently underlined the fact that alterations in the C-terminal end of the p6 gag protein contributed to the failure of a quadruple regimen including two NRTIs plus saquinavir and ritonavir.
The analysis of specific associations between gag cleavage site polymorphisms and particular PRO substitutions provides additional evidence of the demands of adapting a mutated active protease site to a modified cleavage site. It is worth noting that mutations at cleavage sites are mainly selected in FIG. 1 . The HIV p7-p1-p6 genomic region. TF, trans frame; MA, matrix; CA, capsid; NC, nucleocapsid. the presence of protease mutations at residue 90 and less frequently in the presence of mutations at codons 46 and 82.
In conclusion, insertions in the p6 gag region appear in a significant proportion (21%) of HIV-infected individuals. Duplications in the PTAP region appear to be much more common (17.6%) in drug-naive individuals than previously reported. Only insertions in the KQE motif in the p6 protein, as well as point mutations at codon 54 in the p7 protein, codon 5 in the p1 protein, and codons 5 and 20 in the p6 protein, are significantly associated with exposure to antiretroviral drugs. The implications of these gag mutations for HIV drug resistance and antiviral therapy failure need to be further investigated.
